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I. INTRODUCTION 
The purpose of this repor t  i s  to descr ibe a mathemat ica l  model  which 
evolved out of the e f fo r t  to determine the probability of obtaining var ious combi-  
nations of the Mar iner  1964 miss ion  objectives. 
miss ion  and spacecraf t  can be divided into independent, functional blocks whose 
s e r i e s  and para l le l  combination compr ise  the totality of the mission.  Various 
p a r a m e t e r s ,  which define the independent functional blocks stochastically,  a r e  
The model  a s s u m e s  that the 
then introduced and the r e su l t s  a r e  presented a s  functions of these p a r a m e t e r s .  
Specific values  f o r  these p a r a m e t e r s  a r e  chosen and r e su l t s  a r e  derived and 
di s cus  sed. 
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11. ANALYSIS 
A. DESCRIPTION O F  MATHEMATICAL MODEL AND DESIRED RESULTS 
The probability of successful ly  completing var ious combinations of the 
Mar ine r  1964 miss ion  objectives is de te rmined  a s  a function of the probabili ty 
of launch, the probabili ty of a successfu l  boost,  the probability of the space-  
c ra f t  living through injection, and the probabili ty of the ha rdware  surviving the 
c r u i s e  until the t ime a t  which i t  accompl ishes  i t s  pa r t i cu la r  objective. Those 
r e su l t s  thought t o  be most  representa t ive  of the s p e c t r u m  of probable mis s ion  
outcomes a r e  the 
1. 
2. 
3 .  
4. 
5. 
following: 
Probabili ty of obtaining a t  l e a s t  one s e t  of t h r e e  month 
c ru i se  data out of two p rogrammed  launches (P 
Probabili ty of obtaining at l e a s t  one Occultation, Televis ion,  
02 Fields  and P a r t i c l e s  s u c c e s s  out of two p rogrammed  
launches (P  
Probabili ty of obtaining at l e a s t  one Occultation, Televis ion,  
02 Fields  and Pa r t i c l e s  s u c c e s s  out of two p rogrammed  
launches,  given that only one spacec ra f t  is functioning prop-  
e r l y  a t  injection ( P  
Probabili ty of obtaining a t  l e a s t  one Occultation, Televis ion,  
02 Fields  and P a r t i c l e s  s u c c e s s  out of two p rogrammed  
launches , given that  both spacec ra f t  a r e  functioning proper ly  
a t  injection (PIF2). 
Probabili ty of obtaining a t  least one s e t  of Occultation, 
Television, AND Fie lds  and Pa r t i c l e s  s u c c e s s e s  out of two 
p rogrammed  launches (PALL). 
). CD 
ANY).  
IF1) '  
L 
The remainder  of this  r epor t  will  be devoted t o  der iving the mathe-  
mat ica l  model and the par t icu lar  r e su l t s  e x p r e s s e d  above. 
In creat ing a mathematical  model  t o  r e p r e s e n t  the M a r i n e r  1964 mis s ion ,  
the following assumpt ions  were  made: 
1. A launch policy which advoca tes  launching the f i r s t  space-  
c ra f t  on a Type II t r a j e c t o r y  and  the second spacec ra f t  on a 
Type I t r a j ec to ry  will  be pursued.  Both spacec ra f t  will be 
a imed  f o r  points a t  which TV data ,  Occultation data ,  and 
Fields  and P a r t i c l e s  data  a r e  obtainable.  
- 2 -  
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2. 
3: 
4. 
5. 
6 .  
7. 
8. 
9. 
The functions which compr i se  the Mar ine r  mis s ion  a r e  
a s s u m e d  to be independent of one another.  In other  words ,  the 
launch vehicle performance does not influence the spacecraf t ,  
o r  the per formance  of the Central  Computer and Sequence 
(CCSrS) subsys tem does not affect  the per formance  of the 
T rans  mitte r subs y s tem. 
The a p r io r i  probability of launching a spacecraf t  on a given 
day i s  a constant. The calculation of this daily launch prob- 
ability takes  into consideration range holds,  equipment ma l -  
function, and weather and  includes the i r  respect ive probable 
delays. (See Ref. 1). 
Only launch days in  which the booster can c a r r y  3a propellant 
r e s e r v e s  will be considered. Thus,  it is ex t r eme ly  probable 
that the spacecraf t  will be injected onto a cor rec tab le  t r a -  
jec tory  if lift-off occurs  and the booster functions normally.  
The spacecraf t  will ei ther completely survive o r  completely 
fail during the boost phase. A partially operable spacecraf t  
a t  the end of the boost is  not considered by the model. 
A successful  spacecraf t  is  defined a s  one in  which all com-  
ponent pa r t s  function the i r  respect ive required length of 
t ime. P a r t s  a r e  a s sumed  to fail  randomly with t ime,  and 
fai l  completely when they fail. 
component dr i f t ,  design deficiency, o r  s ta t i s t ica l  e r r o r  is 
cons ide red.  
The spacecraf t  i s  tested beyond the infant mortal i ty  phase of 
all of its components p r l ~ r  tc launch and ne cerr,por;ent 
reaches  its wearout point before the terminat ion of the 
mi s s ion. 
All TV pictures  of the planet obtained will be considered of 
equal value,  i r respec t ive  of the t ra jec tory  flown o r  the point 
f r o m  which the pictures w e r e  taken. 
holds for  Fields and Par t ic les  data. 
Only occultation obtained in  two-way corrimunication lock will 
be considered. 
points falling within the occultation zone a t  encounter will be 
considered of equal value. 
1 
No fai lures  a r i s ing  f r o m  
The s a m e  s ta tement  
A l l  occultation data obtained f r o m  aiming 
- 3 -  
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10. Magnetometer  data and data f r o m  e i ther  the Trapped Radia-  
tion Detector o r  the Ion Chamber is required for  a success -  
ful Fields and Par t ic les  experiment.  
A functional block d i ag ram of the miss ion  was p repa red  and the var ious 
miss ion  outcomes were  represented  by s e r i a l  and paral le l  combinations of 
these blocks. 
ent of one another and therefore  a simplified mathemat ica l  t rea tment  i s  allow- 
able.  
independently der ived reliabil i ty o r  was represented  by a t ime-dependent random 
fai lure  model. In the l a t t e r  c a s e ,  a new pa rame te r ,  /3, is introduced; B is a 
fai lure  ra te  multiplier which adjusts the fai lure  r a t e s  ass igned  by the PRC 
analysis  (See Ref. 2 and 3) to  values deemed m o r e  representat ive.  
Section 111-B for  discussion of this point. If a par t icular  functional block i s  
maintained i n  the s to red  condition for  some  period of time, i t s  reliabil i ty is 
shown a l s o  to be a function of u, a fai lure  ra te  multiplier which accounts f o r  
the fact  that s tored  electronic  components age at a different r a t e  than those 
energized. 
presented a s  a function of the independently der ived probabili t ies,  8 ,  and a. 
Recal l  that  these functional blocks w e r e  a s s u m e d  t o  be independ- 
Each functional block was analyzed and e i ther  was ass igned  an  
Refer  t o  
The probability of achieving the var ious mis s ion  outcomes is then 
B. FUNCTIONAL BLOCK DIAGRAMS 
1 
1 
S 
/ 
I 
I 
1 
'I 
I 
i 
I 
$ 
Il lustrated below a r e  two functional block d i ag rams  which r ep resen t  the 
Mar ine r  1964 mission. The planetary objectives a r e  contained in the f i r s t  
d i ag ram whereas  the interplanetary objectives a r e  contained in the second. 
- 4 -  
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* Launch 
1. P lane tary  Objectives 
A/C, Acq. 
Tracking 
c and * Power c Receiver - Successful S/C OK a t  Injection * Injection 
Propulsion Li- Command t cc 8s Transmitter -I 
+ A/C Acq. 
Tracking 
and + Power CC&S Transmitter 
I C D I 
Da to 
Encoder 
. I  
Receiver 
Television Television 
Equipment - Success 
Command -4 
Fields and 
Particles 
Equipment 
Receiver Occultation Success 
Fields and 
Success 
L Particles 
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A/C, Acq. 
Tracking 
0 and - Power Successful S / C O K a t  , 
Injection Injection 
Launch - 
2. I n t e r p l a n e t a r y  O b j e c t i v e s  
F G V 
* 1 
1 
1 
1 
1 
e Receiver C Command Transmitter 
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Cosmic 
d 3 months Successful Cruise Data + Propulsion 
- 6 -  
0 Dust - 
Equip. 
X 
Fields and 
4 Particles - 
I 
I 
I 
t 
E 
I 
ci 
c 
i 
Mar ine r  1964, PD-27 
Supple menta  ry  func t i  ona 1 block d i ag ram data 
Block 
A. 
E. 
F. 
G. 
H. 
J. 
B. 
C. 
D. 
L. 
M. 
N. 
P. 
Q. 
R. 
S. 
K. 
TV. 
F P. 
T. 
U. 
V. 
w. 
X. 
A / C ,  Acq. 
and Tracking 
Power 
Rece ive r  
S / C  Command 
Transmi t  te  r 
Propulsion 
CC&S 
Rece ive r  
S / C  Command 
Re  c eive r 
A / C ,  Acq. 
and  Tracking 
Power  
CC&S 
Rece ive r  
Command 
T r a n s m i t t e r  
Data encoder  
Televi  s ion 
equipment 
F ie lds  and 
Par t i  c le  s 
e qui pme nt 
A / C ,  Acq.,  
a n d  Tracking 
Power  
T r a n s  mit  te r 
Cosmic  dust 
equipment  
F ie lds  and 
Pa r t i c le s 
equipment 
Min. operational 
t ime required 
( h r )  
6006 
6006 
120 
120 
6006 
120 
5280 
5280 
5280 
6006 
62 13 
6213 
62 13 
62 13 
62 13 
62 13 
62 13 
62 13 
6213 
2200 
2200 
2200 
2200 
2200 
C on di t i on s 
Given that it worked a t  120 hr 
Given that it worked at 120 h r  
Given that it worked at 120 h r  
Given that  it worked at 6006 h r  
Given that i t  worked at 6006 h r  
Given that it worked at 120 h r  
Given that it worked a t  120 h r  
Given that it worked at 120 hr 
Given that it worked at 6006 hr 
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C. RELIABILITY ANALYSIS 
The following sect ion descr ibes  the reliabil i ty analysis  of each inde- 
pendent functional block. 
cretely.  In other c a s e s ,  i t  is s ta ted as  a function of a and B .  
s e v e r a l  instances the model developed is m o r e  complex than requi red  to  s e r v e  
the purpose,  but this representat ion is consistent with existing computer pro-  
g r a m s  used to obtain numer ica l  resu l t s .  
In some cases  the block’s reliabil i ty is s ta ted dis-  
Note that i n  
1. Probability of Launch - Block LN 
The following ana lys i s  was used to  determine the probability of launch- 
ing the two programmed spacecraf t  during the launch period. 
following: 
It a s s u m e s  the 
1. The re  ex is t s  a probability, p, that  a spacecraf t  will be 
launched on any given day during the launch period. 
a s s u m e d  to  be a function of the magnitude of the daily 
launch window. q = 1-p r ep resen t s  the probability of not 
launching on a given day. 
discussion on p. ) 
Attempts will be made to  launch the f i r s t  spacecraf t  on suc -  
cess ive  days until successfu l ,  and then the same procedure  
will be applied to  the second spacecraf t  commencing the 
following day. 
Only one launch at tempt  pe r  day will be made. 
There  ex is t s  a total  of N 
the first N 
are  Type I launch days. (N = 6 days and N = 26 days were  
taken as nominal for  the 1964 opportunity. ) 
A maximum of one spacec ra f t  will  be launched during the 
Type I1 launch period. 
c ra f t  is launched during the Type I1 launch period, the launch 
c r e w  will wait until the beginning of the Type I period before  
attempting to  launch the second spacec ra f t .  
p is 
(See Section 111-A fo r  fur ther  
2. 
3. 
4. days i n  the launch per iod of which 
2 
a r e  Type I1 launch days and  the latter N - N1 1 2 
1 2 
5 .  
In other  words ,  i f  the f i r s t  space -  
I 
1 
I 
Under such assumpt ions ,  t he re  ex i s t  f ive mutually exclusive and exhaust-  
ive outcomes. 
occurr ing.  
These appear  below with t h e i r  respec t ive  probabili t ies of 
- 8 -  
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1. Event of launching the f i r s t  spacecraf t  during the Type I1 
launch period and the second during the Type I launch period. 
2. Event of failing to  launch the first spacecraf t  during the 
Type I1 period and launching both spacecraf t  during the 
Type I launch period. 
3. Event of launching the first spacecraf t  during the Type I1 
period and failing to launch the second during the Type I 
period. 
N 1  N2 - N 1  pII, 0 = ( l - q  ) q  
L 
4. Event of failing t o  launch the first spacecraf t  during the 
Type II period and launching only one spacecraf t  during the 
Type I period. 
5.  Event of failing t o  launch ei ther  spacecraf t  during the en t i re  
N day launch period. 2 
N2 
po,o = 
The above five probabilist ic expressions r ep resen t  the chances of a l l  
possible  launch outcomes occurr ing  for a s tandard launch model where  no 
- 9 -  
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unusual events occur.  If one wishes to  determine the probabili t ies of the five 
launch outcomes where a delay is introduced immedia te ly  following the launch 
of the f i r s t  spacecraf t  in o r d e r  that any anomalies  occurr ing in the launch, the 
launch vehicle, o r  the spacecraf t  might be resolved p r io r  to the launch of the 
second spacecraf t ,  the following analysis  can be used. 
a s  were  made for  the s tandard launch model  still hold with the addition of a n  
a s sumed  R day delay following the f i r s t  launch before attempting to  launch the 
remaining spacecraft .  
g rea t e r  than N 
for  the five outcomes now become: 
The s a m e  assumpt ions  
F u r t h e r m o r e  R was a s s u m e d  to  be always equal to  o r  
the magnitude of the Type XI launch period. The probabili t ies 1’ 
N1 N 2 - R - 1  
= 1 - q  - N 1 p q  I 
N 2 - R - 1  
pII, 0 = N1 Pq 
1 t p ( N 2 - N 1 - R -  
N 2 - R - l  
pI,o = 
N2 
P = q  090 
( 3 )  
(4) 
(5) 
Obviously, the best  representat ion of the probabili t ies of the expected 
launch outcomes would combine the r e su l t s  obtained f r o m  the s tandard  model  
with the resul ts  obtained where  non-standard delays a r e  introduced. If we use ,  
a s  subscr ipt  notation, 0 for  a n  outcome cor responding  t o  a s tandard  launch (no 
delay),  and 8, 12, 16 for  outcomes corresponding t o  non-standard launches 
incurr ing 8, 12, and 16 days delays,  respec t ive ly ,  and introduce weighting 
f ac to r s ,  W . ,  which r ep resen t  the relat ive number  of t imes  we can  expect the 
1 
d 
- 10 - 
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various delays,  we can a r r i v e  at  the overall  probabili t ies of the five mutually 
exclusive and exhaustive launch outcomes occurring: 
’ w16 (pII ,0)16 pII, 0 - wO (PII,O)O i- w8 (pI I ,0)8  ’ w12 ip I I ,O 12 - 
- 
OB0 - wO (pO,O)O w8 (pO,O 8 w12 0’12 i- w16 O h 6  P 
where  1; i = 0, 8, 12, and 16 
If one le ts :  
= Probability of launching both p rogrammed  vehicles during 
PLN2 launch period. 
= Probability of launching exactly one vehicle during the 
P~~ 1 launch period. 
= Probabili ty of launching neither vehicle during the launch 
period. 
P~~~ 
Then: 
t P  x, 1 I, 1 = P  P~~~ 
P~~ 1 - pII, 0 
P~~~ 0 , o  
t P  - 
1, 0 
= P  
- 11 - 
Mar ine r  1964, PD-27 
2. Successful Injection - Block L V  
PLv is obtained f r o m  Ref .  4, 5 ,  and 6 where  i t  i s  der ived.  Refer  t o  
Section 111-C for  fur ther  discussion. 
3. Spacecraft  Surviving Boost Environment - Block I 
P i s  obtained f r o m  Ref. 7 where i t  is derived. See Section 111-D f o r  
fu rth e r di s cus si on. 
4. Spacecraft  
I 
In the remaining c a s e s ,  the functional block's re l iabi l i ty  is de te rmined  
f r o m  the rel iabi l i t ies  of the s e r i a l / p a r a l l e l  combinations of the components 
which compr ise  it. The component 's  fa i lure  r a t e  is obtained f r o m  the PRC 
repor t  ( s e e  Ref. 2 ,  3 ,  8, and 9) and the following exponential fa i lure  model 
i s  a s sumed .  
P (meet ing objective) = [ e - B A T o n ]  [ e - a ' A  Teff] 
where : A = component 's  fa i lure  r a t e  
T = r equ i r ed  operating t ime  of component on 
Toff  = requi red  s torage  t ime of component 
B = mult ipl ier  which ad jus t s  PRC fa i lure  r a t e s  to 
cor respond t o  M a r i n e r  R fl ight data ( s e e  Ref. 10) 
Q = mult ipl ier  which ad jus t s  operat ing fa i lure  r a t e s  
t o  s t o r e d  f a i lu re  r a t e s .  
Note that in the major i ty  of c a s e s ,  Toff = 0. 
- 12 - 
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c Derived Rate 
Cruise Sun Attitude Cone Angle 
Damping (Roll) - * Sensors and + Control Update 
T/R Circuits 
' 
Regulator 
a. Attitude Control,  Acquisition and  Tracking. 
6 7 8 9 
Derived Rate Switching Switching 
_C 
Damping Amplifiers Amplifiers Valves, Noz- 
(Roll) (Pitch and Yaw) 
(Pitch and Yaw)  and Switch and Switch zles and Gas 
Component 
Canopus Sensor ,  E lec t ronics ,  
and  Gate 
Cru i se  Sun Sensors  and 
Regulator  
Attitude Control T r a n s f o r m e r  
Rect i f ie r  
Cone Angle Update Circui ts  
Derived Rate  Damping (Roll) 
Der ived  Rate  Damping (Pi tch 
and  Yaw) 
Switching Amplif iers  and Switch 
(Roll) 
PRC fai lure  rate 
( fa i lures  p e r  l o 6  h r s )  
3 3 . 5 3  
3. 68 
1. 94 
5. 71 
1. 54 
2. 3 3  
10.22 
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Component 
8 Switching Amplif iers  and  Switch 
9 Valves ,  Nozzles ,  and Gas 
(Pi tch and Yaw) 
(Cont) 
PRC fa i lure  r a t e  
( fa i lures  per  10 h r )  
6 
32. 81 
0 . 0 0  
P ( A / C ,  Acq. ,  Tracking)  = PI P2 P3 P4 P5 p6 p7 p8 p9 
Block A (Ton = 6006 h r )  
B PA = ( .5759) 
Block M (Ton = 6213 h r  given that  i t  worked t o  
6006 h r )  
B PM = (.9812) 
Block T ( T  = 2200 h r ;  3 months)  on 
B PT = ( .8170) 
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Solar Panels 
Circuitry * 
b. Power 
Power 
Distribution * 38.4 KC Synch Source 2 . 4  K C  
and Switching 
- cc as Transfer Switch c 
Units 
Booster 2 . 4  KC M a i n  
Regulator J 1 Inverter 
Switch for 
Booster Booster 
Regulator #2 
Component 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  
Solar  Panels  Circui t ry  
Power Distribution and Switch 
38.4 KC CC&S 
Synch Source Trans fe r  
LC Oscillator 
2 .4  KC Synch 
Booster  Regulator #1 
Switch f o r  Booster  Regulator #2 
Booster  Regulator #2 
2. 4 KC Main Inverter  
PRC fa i lure  r a t e  
( fa i lures  pe r  10 6 h r )  
29. 36 
2. 96 
12.42 
4. 85 
2.42 
4.49 
16. 10 
8. 26 
16. 85 
11.44 
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1 
I 
I 
32 p33 (p34 p35 ‘36 - p34 p35 p36) p37 P ( P o w e r )  = P 
(p38 p39 p40 - p38 p39 p40) p41 
I 
Block  E ( T  = 6006 h r )  on 
1 
I 
PE = (.7478)’ [( .  9003)’ t (. 9956)’ - (.8873)’] 
[ ( .8604)’  t ( .9080)’  - ( .7813)’] I 
Preamp 
Mixers 
and 1st  * and AGC ’ * Loop Filter 5. 2nd I - F * VCO and Det.  
Receiver 
Transformer 
Rectifier I -F  
Block N ( T  = 6 2 1 3  h r ,  g iven  t h a t  it w o r k e d  t o  6006 h r )  
on 
Receiver 
and Dividers 
Multipliers 
I 
PN = (. 7403)’ [(. 8970)’ t (. 9851)’ - (. 8836)’] 1 
[ (. 8560)’ t (. 9050)’ - (. 7747)’) I 
Block U ( T  = 2200 h r ;  3 m o n t h s )  
on 
Pu = (. 8990)’ [ (. 9622)’ t (. 9947)’ - (. 9571)’] 
[(. 9464)’ t (. 9653)’ - (. 9i36)’] 
c .  R e c e i v e r  
- 16 - 
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Component 
18 Rece iver  T r a n s f o r m e r  Rect i f ier  
19 P r e a m p  Mixers  and 1st I - F 
20 2nd I - F and AGC 
2 1  VCO and Det. Loop Filter 
22 Rece iver  Mult ipl iers  and Dividers 
PRC fa i lure  rate 
(failures per 10 h r )  
6 
2 .47 
7.00 
18.51 
16.54 
15.68 
Block F (T = 120 hr) on 
PF = (.9928)’ 
Block C (T  = 5280 hr ,  given that it worked t o  120 hr)  
on 
Pc = (.7330)’ 
Block Q (T = 6213 h r ,  given that it worked t o  120 hr )  
on 
B PQ = (.6950) 
Block L ( T  = 6006 h r ,  given that it worked to  120 hr)  on 
’L \ ‘BCD I (’18 ’19 p20 
P 
2 1  p22) 
,7187’ i- .5896’ - *4237’) B (. 7017$ 
7187’ t .4222’ - . 3148 
- 17 - 
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w Shift Register 
(Partial) 
d. Command 
Transformer 
Rectifier 
DC - 3 - Switch 
(Partial) 
Decoding Gate 
Shift Register 
Drivers 
(Part ia I) (Partial) 
Command Command Programming 
(Partial) (Partial) Counter 
Detector Detector 5- Logic and ' * Shift Register 
1 and 2 
Stages 
Component 
23 
2 4  
25 
26 
27 
28  
29  
30 
3 1  
Shift Reg i s t e r  (Partial) 
Shift Reg i s t e r  D r i v e r s  (Partial) 
Decoding Gate (Pa r t i a l )  
DC - 3 Switch (Partial) 
Trans  f o r m e r  Rect i f ie r  
Command Detector  (Pa r t i a l )  
Command Detector  (Partial) 
Programming Logic and  Counter 
Shift Reg i s t e r  Stages 1 and 2 
PRC failure rate 
( fa i lures  p e r  10 h r )  6 
2. 72  
10. 56 
0. 34 
0. 5 1  
3.44 
62. 35 
2. 23  
23. 84 
2. 12 
- 18 - 
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PG = (.8869) B 
Block D (T = 5280 h r ,  given that it worked to  120 h r )  on 
B P,, = (.5896) 
Block R (T  = 6213 h r ,  given that it worked to  120 hr) on 
B PR = (, 5170) 
- 19 - 
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Mu I tip1 iers Exciter cs - 5 Transfer Auxi I lory and Transformer CW Logic ' 
Circuits - Amplifier Rectifier Oscillator 
e.  Transmitter 
- 
42 43 44 45 46 
1 
* Transfer Auxi I lory and Transformer , 
Circuits OsciIiator Amplifier Rectifier 
* cs - 5 
Mu I tip1 iers Exciter 
cw Logic - 
I 
J 
cs - 3 cs-4cw Cavity Power 
T/R Power Supply c Amp1 and cw Logic Logic 
cs-5 Switching 
4 Magnetization 
Circuit 
- 
Switching cs-3 a cs-4  
Magnetization 
Circuits 
- 
c s - 4 c c w  * cs-3ccw ~ TWT Power 
Power Supply 
Amp1 and Logic Logic 
- 20 - 
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Component 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
Trans fe r  c i r cu i t s  
Auxillary Osc i l la tor  
Multipliers and ampl i f ie rs  
Exciter T r a n s f o r m e r  Rect i f ier  
CS-5 CW Logic 
CS-5 Magnetization Ci rcu i t  
Switching Tran  sf o rmer Rectifier 
Cavity Power  Ampl. and Power  Supply 
TWT Power  Ampl. and Power  Supply 
CS-3 CW Logic o r  CS-3 CCW Logic 
CS-4 CW Logic o r  CS-4 CCW Logic 
CS- 3 and CS-4 Magnetization Circui ts  
Switching T r an  sfo rme r Rectifier 
B PH = (. 9662) 
P R C  fa i lure  r a t e  
( f a i lu re s  p e r  106 h r )  
0.  31 
2.65 
14.12 
2.47 
1 . 4 4  
0 .05  
2.47 
21 .23  
26.30 
1 . 4 4  
1 .44  
0.10 
2.47 
[I - (’ - p42 p43 p44 p45 P( T r a n s m i t t e r )  = 
[p47  p 48 (P 49’  p50 - p49 p50 51 52 p5 ip52p53p54]  
Block H ( T  = 6006 h r )  on 
1 - 11 - ( .8814) 8 2  ] } 1(.8799)’ + (.854618 - (.7490)” 
Block S (Ton = 6213 h r ,  given that i t  worked to 6006 h r  
- 21 - 
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Block V ( T  = 2200 h r ;  3 months)  on 
f .  Cen t r a l  Computer  and Sequencer 
10 1 1  12 13 14 
IPPS, 25PPS, Magnetic Magnetic 
+loo0 + 2000 Oscillator 4 1 PPM 
ccas 
Counter T/R 
Relay 
Master Time 
Matrix Driver 
10 C C & S T / R  4. 60 
11 Osci l la tor  7 .  80 
12 lPPS ,  25PPS, l P P M  Counter 25 .44  
13 Magnetic + 1000 
14 Magnetic + 2000 
6. 33 
8.  19 
15 Master Time Matr ix  1 0 . 0 9  
- 22 - 
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Component 
16 Dr iver  
17 Relay 
(Cont) 
PRC fa i lu re  r a t e  
( f a i l u r e s  p e r  l o 6  h r )  
1 .70  
0 .75  
p(cc&s) = p10 ‘11 p12 p13 P .  14 P 15 p16 p17 
Block B ( T  = 5280 h r )  on 
PB = ( .7187)@ 
Block P ( T  = 6213 h r )  on 
Pp = ( .6780) B 
g.  Propulsion 
Block J ( T  = 120 h r )  on 
PJ = (. 9780)@ 
h .  Data Encoder 
Block K (T = 6213 h r )  on 
PK = (.  5380) B 
- 23 - 
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* * TV NRT Scan and DA S Pyro 
i .  T e l e v i s i o n  
Tape 
Recorder 
55 56 57 58 
5 8  T a p e  R e c o r d e r  1 5 7 . 0 0  
C o m p o n e n t  P R C  f a i l u r e  r a t e  
( f a i l u r e s  p e r  l o 6  h r  ) 
55  N R T  DAS 
56 Scan  a n d  P y r o  
57 T V  
3 7 6 . 0 0  
- 
2 5 0 . 0 0  
P ( T e 1 e v i s i o n )  = P 55 p56 p57 p58 
Block T V  ( T  = 8 h r s ;  T = 6205 h r s )  
on off 
# ( I  + 7 7 5 . 6 ~  ) = ( .  9580)  p T V  
24 
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RTDAS 
T/R 
j .  F i e l d s  a n d  P a r t i c l e s  
1Ph RT 
DA S 
Trapped 
0 Radiation + 
Detector 
IOOh RT 
DAS 
-c 25% RT Magnetometer .c 
DAS 
- 
59  R T  DAS T / R  
60  2570 R T  DAS 
6 1 M a g n e t o m e t e r  
62  10% R T  DAS 
6 3  T r a p p e d  Rad ia t ion  D e t e c t o r  
64  Ion iza t ion  C h a m b e r  
6 5  10% R T  DAS 
64 65 I--- - 
Ion izat ion lC% RT 
Chamber DA S * 
P R C  f a i l u r e  rate 
( f a i l u r e s  p e r  106 hr) 
a ,  60 
1 3 8 . 7 5  
244.  19 
5 5 . 2 3  
2 9 . 8 0  
2 6 . 3 3  
5 5 . 2 3  
(p63  ' p64 - p63 p64 p65) p65 P(Fie1ds a n d  P a r t i c l e s )  = P59 P60 P61 P62 
- 25 - 
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Data 35% RT RT DAS t m 
Encoder DAS Logic - T/R 
I L 
Block  FP ( T  = 6213  h r )  
o n  
pFP = ( .0453)’ [ (.8310)’ t (.8490)’ - t.5075)’ ] 
Block  X ( T  = 2200 h r ;  3 m o n t h s )  o n  
pX = (. 3343)’ [ (. 9366)’ t ( .  9437)’ - ( .  7865)’ ] 
k. C o s m i c  Dus t  
Cosmic 
Dust 
67 Da ta  E n c o d e r  
68 35% R T  DAS Log ic  
P R C  f a i l u r e  rate 
( f a i lu re s  p e r  106  h r )  Componen t  
9 9 . 7 0  
1 9 3 . 9 8  
69 R T  DAS T / R  
70 C o s m i c  D u s t  
4 .  60  
7 7 . 7 2  
67 p68 p69 p70 P ( C o s m i c  D u s t )  = P 
- 26 - 
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~~ 
Block W ( T  = 2200 h r ;  3 months)  on 
Pw = ( .4371) B 
1. Miscellaneous 
Block BCD ( T  = 5280 h r )  on 
P B + P C P D  - P P P P~~~ = B C D  
= ( .7187f  t (.4422)’ - (.3178)’ 
Block PQR ( T  = 6213 h r )  on 
Pp + P Q P R  - P P P Q P R  - 
BCD l? 
(. 6780)’ f (. 3593)’ - (. 2434)’ - - 
r.7187)8 t t.4422)’ - (. 3178)’ 
D. ANALYTIC RESULTS 
With the functional blocks descr ibed in t e r m s  of independently derived 
re l iab i l i t i es ,  a, and 8 ,  i t  i s  now possible to r ep resen t  the probabili t ies of 
achieving each of the set  of mutually exclusive and exhaustive encounter out- 
c o m e s  f r o m  which the des i red  r e su l t s  can be determined. 
The subscr ip ts  of the t e r m s  on the left s ides  of the equations r e f e r  to 
the number  of Successes  of Occultation, Television, and Fields  and Pa r t i c l e s ,  
respect ively.  
If we let: 
‘1 = p ~ v  ‘I ‘A ‘E p~ p~ p~ p~ P~~~ 
- 27 - 
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P P  P P  '2 = 'M N P Q R  S K 
4 ,  = P  P P P P P P V P J  
3 L V  I T U F G 
Then: 
2 2 2  2 2 
p222 = PLN2 '1 'L '2 pTV pFP 
2 2 
p22 1 = PLN2 '1 p? ': pTV 2pFP ( l  - pFP) 
2 2  2 
p220 = PLN2 ': 'L '2 pTV 
2 2 2  2 2 
p202 = PLN2 '1 p~ '2 ( l  - p ~ v )  ' ~ p  
- 28  - 
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2 
[d; ( 1 - P  ) 2 ( l-PFp) 2 t 2 $ (1-d2)  ( l -PTv)  p200 = PLN2 '1 'L T V  
2pFp ('-pFp) 
2 2 2 - '1 2 P  (1-P ) 42 PTV p121 - PLN2 L L 
2 2 2 
p120 - PLN2 91 2 P  L (1-P L ) 9, PTV ( 1 - pFp)2 
p T V  pFP] ' 
f 
241 ( ' - ' l ) p L 4 2 p T V p F P l  'LNl 4 P 9 P  1 L 2 T V P F P  
P 
- 29 - 
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2 
p02 1 = PLN2 2 P F P  (1-P FP) 
1 - PFP? 
Mariner  1964, P D - 2 7  I 
I 
where  Cpi jk  = 1;  i = 0 ,  1, 2 
And finally: 
- (6; [l - ( l -Pw)  2( l -Px)  2 'CD - 'LN2 
j = 0, 1 ,  2 
k = 0, 1 ,  2 
= 1 - Pooo p~~ Y 
PIFl = ('1''LV '1) ('L ' '2 P T V  i- 'FP - pTV r F P j  - ( 3 )  
'L '2 'TV t P  FP - 'TV 'FP] 1 
(4) 2 P I F 2  = 2PIF1 - 'IF1 
p ~ ~ ~ -  p222 p221 +- p212 '211 p122 i- p121 p112 +- pill (5 )  
- 
which co r re spond  to the des i r ed  resu l t s  i temized in Section IIA. 
- 31 - 
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111. INPUT ASSUMPTIONS 
A .  PROBABILITY O F  DAILY LAUNCH, p 
The probability of launching var ious combinations of the two programmed 
In launch vehicles was  shown to be a function of p, the daily launch probability. 
Ref. 1 ,  p is  shown to be a function of the magnitude of the daily launch window. 
F o r  Mariner  1964, a constant 2 h r  daily launch window is available throughout 
the launch period. This  launch window is equivalent to  a 0. 3 probability of 
daily launch. 
f r o m  weather,  equipment malfunction, and range holds.  Not taken into consid- 
erat ion are factors  such as seasonal  weather  conditions o r  reliabil i ty growth of 
equipment and procedures  which might tend to  raise o r  lower the daily launch 
probability . 
Included in th i s  calculation is  the average  of all delays a r i s ing  
B. SPACECRAFT PARAMETERS, B AND a 
The spacecraft  re l iabi l i ty  w a s  shown to be a function of the p a r a m e t e r s ,  
B and a , when an exponential re l iabi l i ty  model  w a s  a s sumed  f o r  the components 
compris ing the spacecraf t .  F r o m  Ref. 10, "Estimate of the Fa i lu re  Rate 
Multiplier for  PRC - type Reliability Calculations f o r  the Mar ine r  C Spacecraf t ,  " 
a value of B = 0. 19 is es t imated.  Here  i t  is a l so  es t imated  that f l  l i e s  between 
0.07 and 0.42 with a 95% confidence. In addition, a value of a = 0 w a s  e s t ima-  
ted. 
occu r s  during t r ans i t .  
This  i n fe r s  that no degradation to components s to red  aboard  the spacecraf t  
C. LAUNCH VEHICLE RELIABILITY 
In Ref.  4,  the probability of attaining a successfu l  injection i s  determined.  
It is based on cur ren t  Atlas/Agena/Shroud pe r fo rmance  data.  
the probability of a successful  injection i s  de te rmined  to  be 0 .74  nominally. 
In th i s  r e f e r e n c e ,  
D. BOOST ENVIRONMENT 
In R e f .  7 ,  the probability of a spacecraf t  being operat ional  a f t e r  injection 
This  number  is based on the r e s u l t s  of spacecraf t  shock i s  shown to be 0 .98 .  
and vibration testing. 
- 3 2  - 
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I V .  NUMERICAL RESULTS 
The equations exhibited in Section IID w e r e  solved with the following 
values taken as nominal f o r  the independent pa rame te r s :  
p 
W o  
w8 
the probability of launch on a given day, = 0. 3 
the probability of no delay between launches,  = 0. 37 
the probability of an 8 day delay between launches,  = 0. 31 
the probability of a 12 day delay between launches, = 0.21 w12 
the probability of a 16 day delay between launches,  = 0.  11 
the probability of a successful injection, = 0.  7 4  
the probability of the spacecraft  being operable  a t  injection, 
= 0.98  
w16 
pLv 
the ra t io  of s torage  failure r a t e s  to  operational fa i lure  r a t e s ,  
= 0 .00  
a 
the ra t io  of P R C  failure rates to  Mar iner  R fa i lure  rates, 
= 0. 19 B 
The probabili t ies of the des i r ed  outcomes, fo r  th i s  par t icular  s e t  of 
independent pa rame te r  values,  become: 
1. 
2 .  
3 .  
4. 
- ' 
r r u u a u L A A b J  ' L ' ' ~ ~ - -  -6  - 2htaininp - at least one set of th ree  month c r u i s e  
data  out of two programmed launches,  
Probabili ty of obtairiiiig at !e.ast one Occultation, Television, 
OR Fie lds  and Pa r t i c l e s  success  out of two programmed 
launches,  PANy = 0.81. 
Probabili ty of obtaining at l e a s t  one Occultation, Television, 
- OR F i e l d s  and P a r t i c l e s  success  out of two p rogrammed  
launches,  given that one spacecraf t  is functioning proper ly  
a t  injection, PIFl = 0.80. 
Probabili ty of obtaining at l ea s t  one Occultation, Television, 
OR Fie lds  and P a r t i c l e s  success  out of two p rogrammed  
launches,  given that both spacecraf t  a r e  functioning proper ly  
a t  injection, PIF2 = 0.96.  
= 0.86. PCD 
-
- 3 3  - 
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5. Probabili ty of obtaining at  l ea s t  one set  of occultation, 
Television, AND Fie lds  and P a r t i c l e s  successes  out of two 
programmed launche s ,  = 0.49. P~~~ 
If each of the independent p a r a m e t e r s  is ,  in tu rn ,  var ied  about i t s  nomi-  
nal  value a s  chosen in the previous example while the remainder  a r e  held fixed, 
one can observe the var ia t ion o r  the sensit ivity of the r e su l t s  to uncertaint ies  
in each of the independent p a r a m e t e r s  of the model. In F i g .  1 through 4, where  
p, PLv, PI, and B ,  respect ively are chosen as t h e  var iable ,  the var ia t ions in 
the r e su l t s  can be observed.  
si t ive to large var ia t ions in p, PLv, and PI whereas  they appear  ve ry  sensi t ive 
to small changes in f l  over  i t s  en t i re  domain. 
Note that the des i r ed  probabili t ies are quite insen-  
In te rpre ted ,  this  sensit ivity 
1 
1 
i 
analysis  indicates that if one accepts  the model  der ived in this  repor t ,  he  should 
accept  i t s  numerical  r e su l t s  only i f  he i s  ve ry  confident in the selected value of 
pLv’ 
8.  The resu l t s  will  not vary  significantly, however,  i f  i t  should occur  that p, 
o r  PI is ,  in real i ty ,  appreciably different f r o m  the value selected in th i s  
r epor t .  
nent fa i lure  ra tes ,  improvements  in  this  area wil l  m o s t  direct ly  enhance the 
probability of mission success .  
Since the probability of mission success  is ve ry  sensi t ive to the compo- 
- 3 4  - 
L 
Mariner  1964, PD-27 
1. 
2. 
3 .  
4. 
5 .  
6 .  
7 .  
8. 
9. 
10. 
V .  REFERENCES 
" A  Study of Launch Probabi l i t ies  for  Space Mission of Atlas/Agena 
Vehicles", Volumes 1 and 2, Jan.  1963, STL Inc . ,  F lor ida  Division, STL 
Confidential 
F D  63-352 ( U ) .  
PRC-R-433, "Reliability Analysis of the Mar iner  C Spacecraft", by Plan-  
ning Research  Corporation (12/9/63) .  
PRC-R-  362, "Reliability Assessment  of the. 1964 Mar ine r  M a r s  Spacecraft", 
Planning Re sea rch  Corporation (7 /22/63).  
IOM 312. 1-7 WEK, "Probabili ty Es t imates  f o r  the Ranger  Block 111 Mis- 
sion", W. E. Kirkofer,  24 June 1964. 
"Ranger  6 Launch Vehicle System Success  Analysis", 6 May 1964, L e a r  
Seigler  ( U ) .  
Confidential 
"Atlas Reliability T rend  Indicator", 25 May 1964 (U). 
Secre t  
IOM 3 153- 159, "Input t o  Debr is  Method of Determining Mar iner  Reliability", 
J. Maclay, 20 August 1964. 
IOM 3 13- 17 19, "Reliability Calculation fo r  the Probabili ty of Obtaining 
Television Data and Occultation Data f o r  the Mar iner  C 
P. H. Steinbrook/R. F. Miles, Jr .  (8/20/64) .  
Mission", by 
IOM 31 3- 171 1, "Mariner  C Spacecraft Subsystems Reliability Analysis", 
by F. H. D L C ~ ~ ~ , , ~ G G ~ , ' P . .  F- M ~ ~ F . s .  Jr . (8 /17 /64) .  - -  I .  . , 
IOM 313- 1789, "Estimate of the Fai lure  Rate Multiplier f o r  PRC-type 
Reliability Calculations f o r  the Mariner C Spacecraft", by R. F. Miles, 
J r .  (9 /29/64) .  
- 35 - 
M a r i n e r  1964, P D - 2 7  
I .o 
0.9 
0.8 
0.7 
0.6 
Q 0.5 
0.4 
0.3 
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F i g .  1. P r o b a b i l i t y  of m i s s i o n  s u c c e s s  v e r s u s  d a i l y  p r o b a b i l i t y  of l a u n c h  
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I * (  
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0.i 
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0 
PALL 
p =0.3 
PI = 0.90 
a =O 
p =o. 19 
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.75 .76 .7 7 .78 .70 .71 .72 -73 .74 
Fig. 2. Probabi l i ty  of mission success  versus probability 
of a successful injection 
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I .c 
0.S 
0. E 
0.7 
0.6 
Q 0 . 5  
0.4 
0.3 
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0.1 
0 
PALL 
p =0.3 
P' v = 0.74 
a =O 
/3 =o. 19 
1 1 I I I I I 
.94 .95 .96 .97 .98 .99 1.0 
Fig. 3. Probabi l i ty  of mi s s ion  Success  v e r s u s  probabili ty 
of spacecraf t  surviving booster  environment  
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